EP 1873 542 A1

(19)

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
02.01.2008 Bulletin 2008/01

(21) Application number: 07111015.9

(22) Date of filing: 26.06.2007

(51)

(11) EP 1 873 542 A1

EUROPEAN PATENT APPLICATION

Int Cl.:
GO1R 31/36 (2006.0")

(84) Designated Contracting States:
ATBE BG CHCY CZDE DK EE ES FI FR GB GR
HUIEISITLILT LU LV MC MT NL PL PT RO SE
SISK TR
Designated Extension States:
AL BA HR MK YU

(30) Priority: 26.06.2006 KR 20060057521

(71) Applicant: Samsung SDI Co., Ltd.
Suwon-si
Gyeonggi-do (KR)

(72) Inventors:
¢ Yun, Han-Seok
Kiheung-gu, Yongin-si
Kyunggi-do (KR)

(74)

Lee, Young-Jo
Kiheung-gu, Yongin-si
Kyunggi-do (KR)
Choi, Soo-Seok
Kiheung-gu, Yongin-si
Kyunggi-do (KR)

Nam, Oan-Yong

Seoul (KR)

Cho, Bo-Hyung

Seoul (KR)

Representative: Hengelhaupt, Jiirgen
Gulde Hengelhaupt Ziebig & Schneider
Wallstrasse 58/59

10179 Berlin (DE)

(54)

(57) A battery management system using a meas-
urement model modeling a battery, and estimatinga SOC
(state of charge) of the battery, and a driving method
thereof. The systemincludes a sensor, a predictor, a data
rejection unit, and a measurement unit. The sensor sens-
es a charging and discharging current flowing through
the battery, a temperature of the battery, a terminal volt-
age of the battery. The predictor counts the charging and
discharging current, and estimates the SOC of the bat-
tery. The data rejection unit generates information asso-
ciated with an error generated from the measurement
model, as a function of at least one of the battery tem-
perature, the charging and discharging current, the SOC,
and a dynamic of the charging and discharging current.
The measurement unit corrects the estimated SOC of
the battery, using the measurement model and the infor-
mation associated with the error.

Apparatus and method for estimating charge of a battery

FIG. 1

Model equivalent circuit of battery —S10

Measure charge and discharge | 520
—{ current of battery and terminal voltage
of battery, and estimate SOC of battery

Decide data rejection ~—S30

Correct estimated SOC —S40

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1 873 542 A1
Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a device and method for determining a state of charge (SOC) of a battery.
More particularly, the present invention relates to a battery management system for estimating a state such as a SOC
using an adaptive filter, and a driving method thereof.

Description of the Related Art

[0002] A vehicle using an internal combustion engine using gasoline or heavy oil as its principle fuel has serious
influence on the generation of environmental pollution such as air pollution. In recent years, much effort is made to
develop an electric vehicle or a hybrid vehicle so as to reduce the generation of the environmental pollution.

[0003] The electric vehicle refers to a vehicle using a battery engine that operates by an electrical energy outputted
from a battery. The electric vehicle uses a battery in which a plurality of rechargeable secondary cells is provided as
one pack, as the main power source for the electric vehicle. Thus, the electric vehicle has an advantage in that there is
no discharge gas and the noise of the electric vehicle is very small.

[0004] The hybrid vehicle refers to an intermediary vehicle between the vehicle using the internal combustion engine
and the electric vehicle. The hybrid vehicle uses two or more power sources, for example, the internal combustion engine
and the battery engine. At present, the hybrid vehicle using the internal combustion engine and a fuel cell for continuously
supplying hydrogen and oxygen while inducing a chemical reaction to directly obtain an electrical energy is being
developed.

[0005] In the vehicle using electrical energy, a performance of the battery has a direct influence on the performance
of the vehicle. Thus, each battery cell should not only have an excellent performance, but also a battery management
system (BMS) for measuring the voltage of each battery cell and the voltage and the current of the whole battery.
Therefore, effectively managing a charge and discharge of each battery cell is seriously required.

[0006] The contemporary battery management system uses a method for estimating the state of charge (SOC) by
ampere counting. Also, the contemporary battery management system uses a method for previously recognizing a
relationship between the SOC and elements such as an open circuit voltage (OCV), a discharge voltage, an internal
resistance, a temperature, or a discharge current, detecting at least two elements, and subsequently detecting the SOC
associated with the detected elements based on the recognized relationship between the SOC and the detected elements.
[0007] Inthe contemporary SOC estimation method, an error caused by the ampere counting can occur. Even though
the relationship between the OCV and the SOC is recognized, it should be calculated at each battery using a complex
experimental method since there is a difference in the characteristic of each battery. Accordingly, the contemporary
method causes the error or requires the complex experiment method.

[0008] The above information disclosed in this Background section is only for enhancement of understanding of the
background of the invention and therefore it may contain information that does not exist among the prior art that is
already known in this country to a person of ordinary skill in the art.

SUMMARY OF THE INVENTION

[0009] Itis therefore an object of the present invention to provide an improved electric vehicle system and an improved
method for estimating a state of charge of a battery.

[0010] It is another object to provide a method for estimating a state of charge of a battery, a battery management
system using the same, and a driving method thereof having advantages of reducing calculation using a simple battery
model that is able to more accurately estimate SOC using a data rejection.

[0011] An exemplary embodiment of the present invention provides a battery management system using a measure-
ment model for modeling a battery, and estimating a SOC (state of charge) of the battery. The system includes a sensor,
a predictor, a data rejection unit, and a measurement unit. The sensor is adapted to sense a charging and discharging
current flowing through the battery, a temperature of the battery, and a terminal voltage of the battery. The predictor is
adapted to count the charging and discharging current, and to estimate the SOC of the battery. The data rejection unit
is adapted to generate an error information associated with an error generated from the measurement model, as a
function of at least one of the battery temperature, the charging and discharging current, the SOC, and a dynamic of
the charging and discharging current. The measurement unit is adapted to correct the estimated SOC of the battery by
using the measurement model and the error information.

[0012] The measurement model may include an internal resistor, a diffusion impedance, and an open circuit voltage



10

15

20

25

30

35

40

45

50

55

EP 1 873 542 A1

(OCV). The predictor may set the SOC as a first state variable and set a diffusion impedance voltage applied to the
diffusion impedance as a second state variable, and predict the first and second state variables on a per-constant time
basis by using the charging and discharging current. The predictor may count the charging and discharging current of
an earlier state for a certain time to predict the first and second state variables of a present state.

[0013] The datarejection unit may generate the information associated with the error, as afirst gain. The measurement
unit may predict the battery terminal voltage, using the OCV associated with the SOC estimated in the predictor, a
voltage applied to an internal resistor of the measurement model, and the diffusion impedance voltage, and generate a
second gain using the first gain and a comparison result of the predicted battery terminal voltage and the measured
terminal voltage. The measurement unit may correct the first and second state variables predicted in the predictor, using
the second gain, and transmit the corrected first and second state variables to the predictor.

[0014] When the SOC is in a first region, the data rejection unit may fix the first gain as a constant value. When the
SOC is in a second region, the data rejection unit may control the first gain as a function of the SOC. The first region
and the second region may be distinguished as a function of the SOC. The first region may be a region of a SOC of
more than 20%. The second region may be a region of a SOC of less than 20%. When the SOC is in the second region,
the first gain R, may be controlled as a function of:

R, = Rk—l(l+GSOC(O'2_S0C))’ (1)

where SOC < 0.2 and G is a proportional constant.

[0015] When an absolute value of the charging and discharging currentis less than a reference value, the data rejection
unit may fix the first gain as a constant value. When the absolute value of the charging and discharging current is more
than the reference value, the data rejection unit may control the first gain as a function of the absolute value of the
charge and discharge value. The reference value may be equal to 5 amperes (A). When the absolute value of the
charging and discharging current is more than the reference value, the first gain R, is controlled as a function of:

R, :Rk—l(l+Gi(|i|_5))’ (2)

where |i|= 5 and G; is a constant..

[0016] When a dynamic of the charging and discharging current is not sensed, the data rejection unit may fix the first
gain as a constant value. When the dynamic of the charging and discharging current is sensed, the data rejection unit
may control the first gain in correspondence with a period for generating the dynamic of the charging and discharging
current. When the dynamic of the charging and discharging current is sensed, the first gain R, may be controlled as a
function of:

Rk - Rk—l (l + Gslep ’ Tsleplime )’ (3)

where Titepiime is @ period for varying current, and G, is a constant.
[0017] The predictor predicts the first state variable SOC, and the second state variable V¢ as a function of a state
equation:

soc, 1=[1 o [soc, 1+ g g 4)
VDWK 0 1 Af VDiﬁ‘K—l
——— At
Coy Ry
_CDlﬁ 4

where SOCK is the SOC predicted in present state, SOCy_, is the SOC corrected in earlier state, Vi is the voltage
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applied to diffusion impedance of the present state, V-1 is the voltage applied to diffusion impedance corrected in
an earlier state, Cpis the capacitance of diffusion impedance, Ry is the resistance of diffusion impedance, At is the
temporal interval between the present state and the earlier state, ix_4 is the electric current flowing through battery in
the earlier state, and C, is the rating capacitance of battery.

[0018] The measurement unit may predict the battery terminal voltage, and may generate a difference between the
battery terminal voltage V¢ and the predicted battery terminal voltage Vt as a function of an output equation:

Vt = OCV - Vdiff —Vr (5)

where Vtis the terminal voltage of the battery, Vdiffis the diffusion impedance voltage, and Vris the voltage of an internal
resistor.

K

[0019] The measurement unit may generate the second gain “*t using Equation:

K, = Pk(_)HE]T [HIE]Pk (_)HE]T TR, ]_1 (6)

where HIEI] is the linearized matrix generated by differentiating an output equation by a state variable, H,EI]T is the

inverse matrix of a linearized matrix, and P,(-) is the prediction covariance for the estimation error of the state variable.

[0020] Another embodiment of the present invention provides a method for estimating a SOC (state of charge) of the
battery by using the measurement model for the battery. The method includes measuring a charging and discharging
current flowing through the battery, a temperature of the battery, and a terminal voltage of the battery; counting the
charging and discharging current, and estimating the SOC of the battery; generating information associated with an
error generated from the measurement model, as a function of at least one of the battery temperature, the charging and
discharging current, the SOC, and a dynamic of the charging and discharging current; and correcting the estimated
SOC of the battery, using the measurement model and the information associated with the error. The measurement
model may include an internal resistor, a diffusion impedance, and an open circuit voltage (OCV). The counting and
estimating may further include estimating the SOC and a diffusion impedance voltage applied to the diffusion impedance
on a per-constant time basis by using the charging and discharging current. The generation of the information may
further include generating the information associated with the error, as a first gain. The correction of the SOC may also
include predicting the battery terminal voltage, using the OCV associated with the estimated SOC, a voltage applied to
an internal resistor of the measurement model, and the diffusion impedance voltage, and generating a second gain
using the first gain and a comparison result of the predicted battery terminal voltage and the measured terminal voltage.
[0021] The generation of the information may further include fixing the first gain as a constant value when the SOC
is in a first region and controlling the first gain as a function of the SOC when the SOC is in a second region, and
distinguishing the first region and the second region as a function of the SOC.

[0022] The generation of the information may further include fixing the first gain as a constant value when an absolute
value of the charging and discharging current is less than a reference value, and controlling the first gain as a function
of the absolute value of the charge and discharge value when the absolute value of the charging and discharging current
is more than the reference value.

[0023] The generation of the information may further include fixing the first gain as a constant value when a dynamic
of the charging and discharging current is not sensed, and controlling the first gain in correspondence with to a period
for generating the dynamic of the charging and discharging current when the dynamic of the charging and discharging
current is sensed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] A more complete appreciation of the invention and many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference to the following detailed description when considered
in conjunction with the accompanying drawings in which like reference symbols indicate the same or similar components,
wherein:



10

15

20

25

30

35

40

45

50

55

EP 1 873 542 A1

FIG. 1is aflowchartillustrating a method for estimating a state of charge (SOC) of a battery according to an exemplary
embodiment of the principles of the present invention;

FIG. 2 is a diagram illustrating an electric vehicle system using a method for estimating a SOC of a battery according
to an exemplary embodiment of the principles of the present invention;

FIG. 3 is an equivalent circuit of a battery according to an exemplary embodiment of the principles of the present
invention;

FIG. 4 is a diagram illustrating a main control unit (MCU) according to an exemplary embodiment of the principles
of the present invention;

FIG. 5is a flowchart illustrating a driving method of a battery management system (BMS) according to an exemplary
embodiment of the principles of the present invention;

FIG. 6 is a graph illustrating an impedance of the measurement model on a per-SOC region basis;

FIG. 7 is a graph illustrating a relationship between the SOC and a total resistance of the battery as a function of
the intensity of the discharge current of the battery; and

FIG. 8 is a graph illustrating a degree of the error generated as a function of the dynamic of the current.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0025] The present invention is to provide a method for more accurately estimating a state of charge (SOC) of a
battery, a battery management system, and a driving method thereof.

[0026] In the specification, "connecting”" any part with another part not only includes "direct connecting”, but also
includes "electrically connecting” with a different constituent element interposed between the two parts. Also, "including"
a constituent element in a part signifies further including, not excluding, another constituent element if it is no specific
reference to the contrary.

[0027] An exemplary embodiment of the principles of the present invention will be described with reference to the
accompanying drawings below.

[0028] FIG. 1 is a flowchart illustrating a method for estimating a state of charge (SOC) of a battery according to an
exemplary embodiment of the principles of the present invention.

[0029] The method for estimating the SOC of the battery according to an exemplary embodiment of the principles of
the present invention uses an adaptive filter and a data rejection method.

[0030] As shown in FIG. 1, the battery including at least two packs having a plurality of cells is modeled using an
equivalent circuit (Step 10).

[0031] A charging and discharging current of the battery, a battery terminal voltage, and a battery temperature are
measured, and the SOC of the battery is estimated (Step 20).

[0032] The data rejection is decided using the measured charging and discharging current of the battery and the
estimated SOC of the battery (Step 30). During the deciding of the data rejection, the equivalent circuit of the battery
modeled in Step 10 is set as a measurement model, and a gain corresponding to a variance of an error generated from
the measurement model is generated.

[0033] The estimated SOC of Step 20 is corrected using the gain generated in Step 30 corresponding to the variance
of the error of the measurement model (Step 40). The correction of the estimated SOC is performed using an adaptive
filter, particularly, using a Kalman filter. Kalman gain is generated using the gain generated in Step 30 corresponding
to the variance of the error of the measurement model, and the SOC estimated in Step 20 is corrected using the generated
Kalman gain.

[0034] In Step 20, the SOC of the battery is again estimated using the corrected SOC and the charging and discharging
current of the battery.

[0035] Anelectricvehicle system using the method for estimating the SOC of the battery will be in detail described below.
[0036] FIG. 2is a schematic diagram illustrating the electric vehicle system using the method for estimating the SOC
of the battery according to an exemplary embodiment of the principles of the present invention.

[0037] AsshowninFIG. 2, the vehicle system includes a battery management system (BMS) 1, a battery 2, an electric
current sensor 3, a cooling fan 4, a fuse 5, a main switch 6, an engine controller unit (ECU) 7, an inverter 8, and a motor
generator 9.

[0038] Battery 2 includes a plurality of sub-packs 2a to 2h in which a plurality of battery cells are coupled in series,
output terminals 2_0UT1 and 2_0UT2, and a safety switch 2_SW provided between sub-pack 2d and sub-pack 2e.
Sub-packs 2a to 2h are exemplarily provided in a number of eight, and each sub-pack is exemplarily illustrated to merely
indicate the plurality of battery cells by one group, and is not intended to limit a scope of the present invention. Safety
switch 2_SW refers to a switch provided between sub-pack 2d and sub-pack 2e. Safety switch 2_SW can be manually
switched on/off for the sake of worker’s safety when the battery is replaced or a work is executed for the battery. In an
exemplary embodiment of the present invention, safety switch 2_SW is provided between sub-pack 2d and sub-pack
2e, but it is not intended to limit a scope of the present invention. Both output terminal 2_0OUT1 and output terminal
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2_0UT2 connect to inverter 8.

[0039] Electric current sensor 3 measures an amount of electric current outputted from battery 2, and outputs the
measured current amount to a sensor 10 of BMS 1. Electric current sensor 3 can be a Hall current transformer (CT) for
measuring the current by using a Hall device, and outputting an analog current signal associated with the measured
current.

[0040] Cooling fan 4 dissipates a heat generated during the charge and discharge of battery 2 on the basis of a control
signal of BMS 1, thereby preventing battery 2 from being degenerated due to an increase of temperature, and preventing
an efficiency of the charge and discharge from being reduced.

[0041] Fuse 5 either disconnects or short-circuits battery 2, thereby preventing an overcurrent from being transmitted
to battery 2. In other words, when the overcurrent is generated, fuse 5 disconnects battery 2, thereby preventing the
overcurrent from being transmitted to battery 2.

[0042] When abnormal overvoltage, overcurrent, or high temperature occur, main switch 6 switches off battery 2 on
the basis of the control signal of BMS 1 or ECU 7 of the vehicle.

[0043] BMS 1 includes sensor 10, a main control unit (MCU) 20, an internal power supplying unit 30, a cell balancing
unit 40, a storage unit 50, a communication unit 60, a protective circuit 70, a power-on reset unit 80, and an external
interface 90.

[0044] Sensor 10 senses and transmits the battery charging and discharging current, the battery terminal voltage, the
voltage across each cell, a cell temperature, and a peripheral temperature, to MCU 20.

[0045] MCU 20 generates information for estimating the SOC and a state of health (SOH) of battery 2 on the basis
of the battery charging and discharging current, the battery terminal voltage, each cell voltage, the cell temperature, and
the peripheral temperature received from sensor 10, and for informing a state of battery 2, and transmits the generated
information to ECU 7 of the vehicle. ECU 7 of the vehicle charges and discharge battery 2 on the basis of the SOC and
the SOH received from MCU 20. In an exemplary embodiment of the present invention, MCU 20 uses a method for
modeling the battery by the equivalent circuit, predicting the SOC to be estimated, and correcting the predicted SOC.
The equivalent circuit modeling the battery is set as the measurement model, and uses the data rejection method to
correct the predicted SOC in consideration of the variance of the error generated from the measurement model. A
detailed description will be made with reference to FIGS. 3 to 5 below.

[0046] Internal power supplying unit 30 supplies a power source to BMS 1 using a sub battery. Cell balancing unit 40
balances the state of charge of each cell. In other words, cell balancing unit 40 can discharge a cell of a relatively high
charged state, and can charge a cell of a relatively low charged state. Storage unit 50 stores data of the SOC and SOH
when BMS 1 is powered off. Storage unit 50 can be a nonvolatile storage unitthatis an electrically erasable programmable
read only memory (EEPROM). Communication unit 60 communicates with ECU 7 of the vehicle. Protective circuit 70
protects battery 2 from external impact, overcurrent, and low voltage, using a firmware. Power-on reset unit 80 resets
an entire system when BMS 1 is powered on. External interface 90 connects sub devices of BMS 1, such as cooling
fan 4 and main switch 6, to MCU 20. In the exemplary embodiment of the present invention illustrated in FIG. 2, only
cooling fan 4 and main switch 6 are shown but are not intended to limit a scope of the present invention.

[0047] ECU 7 determines a degree of a torque of the vehicle on the basis of the information of a component of the
vehicle, such as an accelerator, a brake, and a speed of the vehicle, and controls motor generator 9 to have an output
based on torque information. In other words, ECU 7 controls the switching of inverter 8, and controls motor generator
9 to have the output based on the torque information. ECU 7 receives the SOC of battery 2 from MCU 20 through
communication unit 60 of BMS 1, and controls the SOC of battery 2 to reach a target value (e.g., 55%). For example,
if ECU 7 receives the SOC of 55% or less from MCU 20, ECU 7 controls a switch of inverter 8 to output a power toward
battery 2, thereby charging battery 2; if ECU 7 receives the SOC of 55% or more, ECU 7 controls the switch of inverter
8 to output the power toward motor generator 9, thereby discharging battery 2.

[0048] Inverter 8 enables battery 2 to be charged or discharged on the basis of the control signal of ECU 7.

[0049] Motor generator 9 drives the vehicle on the basis of the torque information received from the ECU 7, using the
electrical energy of battery 2.

[0050] As a result, ECU 7 charges and discharges battery 2 as much as a rechargeable power on the basis of the
SOC, thereby preventing battery 2 from being overcharged and overdischarged and making it possible to efficiently use
battery 2 for a long time. When battery 2 is installed in the vehicle, however, it is difficult to measure an actual SOC of
battery 2. Therefore, BMS 1 should accurately estimate the SOC, using the pack current and the pack voltage sensed
in sensor 10, and transmit the estimated SOC to ECU 7.

[0051] BMS 1 according to an exemplary embodiment of the present invention will be described with reference to
FIGS. 3 to 5 below.

[0052] FIG. 3 is the equivalent circuit of the battery according to an exemplary embodiment of the present invention.
[0053] As shown in FIG. 3, the equivalent circuit of the battery includes a diffusion impedance, an internal resistance
R;, and the OCV. According to an exemplary embodiment of the present invention, the diffusion impedance can be
expressed using a resistor R+ and a capacitor C;, and the OCV can be expressed using a function of the SOC.
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According to an exemplary embodiment of the present invention, resistor R and capacitor Care set unchanged as
a function of an external element like the SOC, the temperature, and the charging and discharging current  flowing
through the battery. Internal resistance R; varies as a function of the battery temperature like the cell temperature or the
ambient temperature of the cell. A relationship between the internal resistance and the temperature is established by
an experiment method. Error caused by the variation of resistor R+ and capacitor C 4 can be corrected using the data
rejection method based on the error variance. The data rejection method will be described later in detail. The equivalent
circuit of the battery according to an exemplary embodiment of the present invention will be briefly described by the
measurement model below.

[0054] MCU 20accordingto an exemplary embodiment of the presentinvention will be in detail described with reference
to FIG. 4 below.

[0055] FIG. 4 is a diagram illustrating MCU 20 according to an exemplary embodiment of the present invention. MCU
20 includes a predictor 21, a measurement unit 22, and a data rejection unit 23.

[0056] Predictor 21 predicts a parameter for indicating the state of the battery using the ampere counting method. In
the measurement model described with reference to FIG. 2, the SOC and capacitance C j of the diffusion impedance
Z4ir are provided as the parameter for indicating the state. Predictor 21 receives the charging and discharging current
iflowing through the battery from sensor 10, performs the measurement using the ampere counting method, and predicts
the SOC that is a present state of the battery. Predictor 21 predicts a voltage V;applied between both terminals of the
diffusion impedance Z by using the charging and discharging current / flowing through the battery.

[0057] In the measurement model, measurement unit 22 corrects the predicted parameters to indicate the battery
state by using a measurable parameter associated with a state to be estimated. Measurement unit 22 receives battery
terminal voltage V; measured by sensor 10 in the measurement model, calculates the SOC predicted in predictor 21
and the OCV associated with temperature T that is received from sensor 10, calculates a voltage V, applied across
internal resistance R; by using the internal resistance and the charging and discharging current i received form sensor
10, estimates the battery terminal voltage V; by using the calculated OCV and voltage V, and diffusion impedance voltage
Vi Predicted in predictor 21, compares the estimated battery terminal voltage V; with the measured battery terminal
voltage V;, and corrects the predicted SOC and the like on the basis of the comparison result.

[0058] Data rejection unit 23 controls measurement unit 22 to correct the predicted parameters of the battery consid-
ering the variance of the error generated from the measurement model. MCU 20 stores information of the variance of
the error generated from the measurement model as a function of the SOC of the battery, the charging and discharging
current flowing through the battery, the temperature, and a dynamic of the current. MCU 20 can further include a database
(not shown) for constructing and storing the information by a data table. The information can be generated in the
experiment method. Data rejection unit 23 detects the variance of the measurement error as a function of the present
state from the data table by using the data table, and transmits the detected error variance to measurement unit 22.
Measurement unit 22 decides a degree of correction of the predicted parameter of the battery as a function of the
detected error variance.

[0059] The battery management system in which a prediction is performed, a prediction error is corrected using the
adaptive filter, the SOC of the battery is estimated, and the error generated between an actual battery and the meas-
urement model of the battery is prevented using the data rejection method, will be described below.

[0060] Predictor 21 and estimator (i.e., measurement unit) 22 of MCU 20 employ algorithm that is similar with an
extended Kalman filter (EKF), a kind of the adaptive filter. The EKF is extended and applied to a nonlinear system for
partially linearizing a general Kalman filter. Predictor 21 predicts state variables x, which are the SOC of the battery and
voltage Vi applied across the diffusion impedance, using a state equation (a) in Equation 1. Predictor 21 uses a
nonlinear matrix equation (b) as a state equation (a) in Equation 1. In equation (b), the ampere counting is performed
for a certain time, and the SOC and voltage Vp are discretely predicted.

Equation 1

(@)
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Xi (_) = fia (xk—l - )+ Wit

(b)

soc, 1=[1 0 Tsoc, 1+ g e
VDWK 0 1_ At VDlﬁ‘K—l A
t
Cpy  Rpy -
L Coig |

[0061] In Equation 1 (b), SOCy and V4 correspond to state variable X (-). SOCy denotes a SOC predicted in the
present state, and SOCy_, denotes a value obtained by correcting a SOC predicted in an earlier state and correcting
an error in measurement unit 22. V4 denotes voltage Vi applied to the diffusion impedance of the present state,
and Vp;«_4 denotes a value obtained by correcting voltage Vs applied to the diffusion impedance predicted in the
earlier state, and correcting the error in measurement unit 22. Cp;and Rp; denote the capacitance and the resistance

of the diffusion impedance, respectively. Predictor 21 estimates the SOC by a discrete time, and At is a temporal interval
between the present state and earlier state. ix_; denotes the electric current flowing through the battery in the earlier

state. C,, denotes a constant value corresponding to a rating capacitance of the battery, and does not vary as a function

4 ] .
1 0 C_n &
of the state. 0 At corresponds to f,_4 in Equation 1(a). corresponds to W4 in
I At
Cry " Ry C
L D

Equation 1(a), and is inputted in each state.
[0062] Predictor 21 predicts a covariance P,(-) for the estimation error of state variable x on a per-discrete time basis,
using Equation 2, and transmits predicted covariance P,(-) to measurement unit 22.

Equation 2

)
Pk(_): A/EI—]1Pk—1 (+)A1£1—]1T t0 s A/EI—]I = % | i _)
X -1

[0063] AE_]I denotes a value obtained by differentiating and linearizing nonlinear matrix equation f,_4 by the state

variable, and Q, denotes a variance value of the state variable based on each state.

[0064] Predictor 21 generates and transmits the predicted state variable )’?k(-), and covariance P,(-) for the estimation
of the error of the state variable, to measurement unit 22.

[0065] Measurementunit22 corrects the predicted SOC and voltage Vp;using the measurement model. Measurement
unit 22 predicts a value that can be measured using the SOC and voltage Vp; predicted in predictor 21, that is, battery
terminal voltage V;, using an output equation like Equation 3.
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Equation 3

Vt=OCV —Vdiff - Vr

[0066] Vr denotes a voltage drop occurring when current i flows through internal resistor Ri. Measurement unit 22
uses a differential equation like Equation 4, for generating a Kalman gain to solve a nonlinearity between the SOC and
the OCV and use the Kalman filter.

Equation 4

dhy _[dhgyc(SOC) 0
Oxx aSOC
0 -1

, where OCV = hSOC(SOC)’ hSOC = f

ocy !

[0067] Equation 4 can define the OCV as the function of the SOC, and equation 4 is of a type in which the output
equation is differentiated by the state variable (SOC).

>

[0068] Measurement unit 22 generates Kalman gain “*k to correct the predicted SOC and voltage Vdiff. Equation 5

is to calculate the Kalman gain.

Equation 5

- oh
S AL NI CES R
X

[0069] Kk denotes the Kalman gain. The Kalman gain is decided to have a value for minimizing covariance. H/EI]

denotes Equation 4 showing a differential matrix to linearize a function of predicted state variable x and output variable

y. HE]T denotes an inverse matrix of H[l], and R, denotes the variance of the error generated from the measurement

model. As described above, Ry can be set as a function of the SOC, an intensity of the electric current, the temperature,
and the dynamic of the electric current. Measurement unit 22 can detect and use R, corresponding to at least two

elements among the SOC, the intensity of the electric current, the temperature, and the dynamic of the electric current.
Measurement unit 22 corrects the predicted state variable x, using the generated Kalman gain, as in Equation 6.

Equation 6

[0070] Variable x corresponds to the SOC and voltage Vs, and variable z corresponds to battery terrninal voltage
V; . x,(+) denotes variable x obtained by error correcting the predicted SOC by using the Kalrr)\an gain, and X(-) denotes
variable x predicted in predictor 21. z, denotes an average of battery terminal voltage V; , and z, denotes battery terminal
voltage V; currently measured in the measurement model. Measurement unit 22 generates covariance P, (+) for the
estimation of the error of corrected state variable )'(k(+), using the Kalman gain, as in Equation 7.
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Equation 7

P, (+): {1 _I?kHIEI] }Pk (_)

[0071] P, (+) denotes theAcovariance for the estimation error of each of the corrected SOC and the corrected voltage
Vpir that are state variable X, (+) . A

[0072] Measurement unit 22 corrects predicted SOC (i.e., X,(-)) and covariance P,(-) using the Kalman gain, and
generates SOC (i.e., Qk(+)) and covariance P,(+) . SOC (i.e., Qk(+)) and covariance P, (+) are transmitted to predictor
21, and are set as initial values for predicting a next state.

[0073] In such a method, measurement unit 22 generates and transmits corrected voltage Vpand covariance even
for predicted voltage Vs, to predictor 21. Then, they are set as initial values for predicting the next state.

[0074] Data rejection unit 23 detects variance R, of the error of the measurement model corresponding to the present
state, from the data table, corrects the error variance R, as a function of the present state, and transmits the corrected
variance R, to measurement unit 22. In an exemplary embodiment of the present invention, data rejection unit 23 uses
the variance of the error caused by an inaccuracy of the measurement model in deciding how much it corrects the
predicted state using the measurement model. In Equation 5, the Kalman gain varies as a function of error variance Ry,
and error variance R, is decided as a function of the error of the measurement model. Accordingly, the Kalman gain is
decided as a function of the error generated from the measurement model, and the prediction SOC is corrected as in
Equation 6.

[0075] For example, when error variance Ry is an infinite value, the Kalman gain is equal to zero as appreciated in
Equation 5. Then, SOC (i.e., Qk(:-)) corrected and generated by the measurement model in measurement unit 22 becomes
identical with prediction SOC (x, (-)).

[0076] A method for deciding error variance R, in data rejection unit 23 as a function of the error of the measurement
model will be described below.

[0077] In an exemplary embodiment of the present invention, data rejection unit 23 sets a reliable section and an
unreliable section for temperature T, SOC, the dynamic of the electric current, and the intensity of the electric current,
and controls error variance R, as a function of the section. Temperature T can be received from the sensor, and the
SOC can use the information received from predictor 21. They are not intended, however, to limit a scope of the present
invention. Variance R, is fixed as a preset constant value in the reliable section, and is changed by data rejection unit
23 in the unreliable section.

[0078] In other words, the battery cell temperature or the cell peripheral temperature is detected. When the detected
temperature is in the reliable section, error variance R, is fixed as the preset value, and the Kalman gain is generated.
On the contrary, when the detected temperature is in the unreliable section, error variance R is changed using a
relationship between the temperature and error variance R, through the experiment, and the Kalman gain is generated.
[0079] A method for controlling error variance R, as a function of the SOC will be described in detail. The battery has
a complex measurement model due to diffusion at both terminals of the SOC and other complicated elements. Therefore,
the measurement model can be also differently constructed on a per-SOC region basis. This, however, makes a process
of estimating the SOC complex. Therefore, as described above, MCU 20 uses the measurement model having the
equivalent circuit of FIG. 2, and uses the error generated from the measurement model, thereby determining a degree
of data rejection and estimating the SOC.

[0080] FIG. 6 shows a graph illustrating an impedance of the measurement model on a per-SOC region basis.
[0081] As shown in FIG. 6, in alow SOC region (SOC of less than 20%), the impedance follows an impedance curve
different from those of other SOC regions, although the difference depends on the OCV.

[0082] Data rejection unit 23 classifies the SOC region of less than 20%, as the unreliable section. In the reliable
section of the SOC of 20% or more, data rejection unit 23 transmits variance R, of the measurement error generated
from the measurement model, as the preset value, to measurement unit 22. On contrary, in the unreliable section of the
SOC of 20% or less, the variance R, of the measurement error generated from the measurement model is changed and
transmitted to measurement unit 22. Measurement unit 22 generates the Kalman gain using the error variance R,. When
the error variance R, is controlled as a function of the SOC region, it is expressed as in Equation 8.

Equation 8

R, =R, (1+G.(02-S0C)), where SOC<0.2
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[0083] In Equation 8, R, denotes the error variance controlled as a function of the present state, and R,_; denotes the
error variance in the earlier state. Ggo denotes a variable for deciding a data rejection effect, and is measured through
the experiment. According to an exemplary embodiment of the present invention, Ggo is equal to "10".

[0084] As described above, in the unreliable section, error variance R increases more than the preset value, and the
Kalman gain decreases. Then, the SOC predicted in predictor 21 reduces in its correction range where it is corrected
using the measurement model by measurement unit 22.

[0085] The accuracy of estimating the SOC of the battery can be varied as a function of the current flowing through
the battery, that is, the intensity of the charging and discharging current. This happens due to not only a nonlinear
characteristic of the battery but also the error generated from the measurement model. FIG. 7 shows a graph illustrating
a relationship between the SOC and a total resistance of the battery as a function of the intensity of the discharge current
of the battery.

[0086] Asin FIG. 7, as the charge current increases, a total battery resistance to the SOC decreases. According to
such characteristic, in case where a resistance is fixed as a single constantin the measurement model, when the charging
and discharging current is large, the measurement model gets inaccurate. In consideration of this, in the reliable section
that is a region where the charging and discharging current is less than 5 amperes (A) in its absolute value, a previously
set Ry is used. In the unreliable section that is a region where the charging and discharging current is 5 A or more, R,
is changed as in Equation 9 and the calculated R, is used to generate the Kalman gain.

Equation 9

R, =R, [1+G.(i|-5)], where |1>5

[0087] R denotes the error variance controlled as a function of the present state, and R,_; denotes the error variance
in the earlier state. G; denotes a constant value obtained through experiment, and G; is equal to "2" in an exemplary
embodiment of the present invention.

[0088] As above, in the unreliable section where the current intensity is out of a range of a certain reference value,
Ry increases, and thus the Kalman gain decreases. Then, the SOC predicted in predictor 21 reduces in its correction
range where it is corrected using the measurement model by measurement unit 22.

[0089] The accuracy of estimating the SOC of the battery can be varied as a function of the dynamic of the charging
and discharging current. The dynamic of the electric current refers to an amount of variation of the electric current
dependent on time. In other words, the dynamic of the current is large when the variation of the current per unitary time
is large, and the dynamic of the current is small when the variation of the current per unitary time is small. In the
measurement model, a capacitor component is simplified and modeled, and the error occurs when the dynamic of the
current is generated. FIG. 8 shows a graph illustrating a degree of the error generated as a function of the dynamic of
the current.

[0090] As shown in FIG. 8, as a dynamic of the charging and discharging current is small, the error is small. Data
rejection unit 23 determines a reliable charging and discharging current section when the dynamic of the charging and
discharging current is not generated, and the charging and discharging current is kept as a constant value in the reliable
charging and discharging current section. On the contrary, data rejection unit 23 determines an unreliable charging and
discharging current section when the current dynamic in which the charging and discharging current varies as a function
of time is generated. In the unreliable charging and discharging current section, data rejection unit 23 changes error
variance R, as in Equation 10.

Equation 10

R, =R, (1 +G

step ’ Tvsteptime )

[0091] R, denotes a variance of an error controlled as a function of a present state, and R,_; denotes a variance of
an error in an earlier state. Tg1ime denotes a period for varying the current, and G, denotes a constant obtained
through experiment.

[0092] As above, when the period for varying the current is lengthened, error variance R, increases, and the Kalman
gain decreases. Then, the SOC predicted in predictor 21 reduces in its correction range where it is corrected using the
measurement model by measurement unit 22.

[0093] A driving method of the BMS using the method for estimating the SOC of the battery according to an exemplary
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embodiment of the principles of the present invention will be described with reference to FIG. 5.

[0094] FIG. 5is a flowchart illustrating the driving method of the BMS according to an exemplary embodiment of the
present invention.

[0095] Sensor 10 measures the charging and discharging current i and battery terminal voltage Vt, and transmits the
measured charging and discharging current i and battery terminal voltage V¢t to MCU 20 (Step 100).

[0096] Predictor 21 generates the prediction SOC and prediction voltage V;, using the charging and discharging
current received from sensor 10 (Step 200).

[0097] Data rejection unit 23 receives the prediction SOC from predictor 21, and determines whether or not the
prediction SOC is in the reliable section (Step 300). When the prediction SOC is out of the reliable section, data rejection
unit 23 changes error variance R, using Equation 8 (Step 310).

[0098] Data rejection unit 23 temporarily stores error variance R, when it is determined that the SOC is in the reliable
section in Step 300, and temporarily stores changed variance R, when error variance R, is changed (Step 320).
[0099] Next, data rejection unit 23 determines whether or not the intensity of the charging and discharging current is
in the reliable section (Step 400). When it is determined that the intensity of the charging and discharging current is out
of the reliable section, data rejection unit 23 changes error variance R using Equation 9 (Step 410). Data rejection unit
23 temporarily stores error variance R, (S410).

[0100] Data rejection unit 23 temporarily stores error variance R, when it is determined that the intensity of the charging
and discharging current is in the reliable section in Step 400, and temporarily stores changed variance R, when error
variance R, is changed (Step 420).

[0101] Data rejection unit 23 determines whether or not the dynamic of the charging and discharging current is sensed
(Step 500). When it is determined that the dynamic of the charging and discharging current is sensed in Step 500, data
rejection unit 23 changes error variance R using Equation 10 (Step 510).

[0102] Data rejection unit 23 temporarily stores error variance R, when itis determined that the dynamic of the charging
and discharging current is not sensed in Step 500, and temporarily stores changed variance R, when error variance R,
is changed (Step 520).

[0103] Data rejection unit 23 transmits stored error variance R, to measurement unit 22 (Step 600).

[0104] Measurementunit 22 generates the Kalman gain using the received error variance R, (Step 610). Measurement
unit 22 corrects the prediction SOC, prediction voltage V4, and the covariance as a function of the generated Kalman
gain, and transmits the prediction SOC, prediction voltage V4, and the covariance to be transmitted predictor 21 (Step
620).

[0105] Predictor 21 receives and uses the corrected SOC and voltage Vysto predict a next state. Predictor 21 generates
the prediction SOC and voltage V of the present state, using the charging and discharging current and the battery
terminal voltage received from the sensor in the present state and the SOC and the voltage V4 corrected in the earlier
state. The above process is repeated.

[0106] As described above, in the driving method of the BMS according to an exemplary embodiment of the present
invention, the state of the battery is estimated considering the error of the measurement model using the data rejection
method. Accordingly, the battery state, that is, the SOC more accurate than in a contemporary art can be estimated. In
case where the battery is modeled using a complex model, and its SOC is estimated, there is a disadvantage in which
it needs a complex calculation. In an exemplary embodiment of the present invention, however, since a simple battery
model is used, calculation can be reduced, and the accuracy of the SOC estimated using the data rejection method can
be improved.

[0107] It is described that in the driving method of the BMS according to an exemplary embodiment of the present
invention, error variance Ry is set correspondingly to the SOC, the dynamic of the current, and the intensity of the current.
But, variance R, of the error caused by the temperature can be set. Error variance R, can be set considering at least
one of the temperature, the current dynamic, and the current intensity.

[0108] In one aspect, the present invention provides the method for estimating the SOC of the battery using the data
rejection method and adaptive filter methods.

[0109] In another aspect, the present invention provides the battery management system and the driving method
thereof, for estimating the state of the battery using the data rejection method and adaptive filter methods.

[0110] The presentinvention provides the method for estimating the SOC, the battery rejection system, and the driving
method thereof, for reducing the calculation using the simple battery model, and estimating more accurate SOC using
the data rejection method.

[0111] The present invention provides the battery management system and the driving method thereof, for estimating
the more accurate SOC considering the variance of the error of the measurement model.
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Claims

1.

10.

A battery management system for estimating a state of charge of a battery using a measurement model modeling
the battery,, the system comprising:

a sensor adapted to sense a charging and discharging current flowing through the battery, a temperature of
the battery, a terminal voltage of the battery;

a predictor adapted to count the charging and discharging current, and to estimate a STATE OF CHARGE of
the battery;

a data rejection unit adapted to generate an error information associated with an error attributed to the meas-
urement model, as a function of at least one of the battery temperature, the charging and discharging current,
the state of charge, and a dynamic of the charging and discharging current; and

a measurement unit adapted to correct the estimated state of charge of the battery, using the measurement
model and the error information.

The system of claim 1, with the measurement model comprising an internal resistor, a diffusion impedance, and an
open circuit voltage (OCV), and

with the predictor being adapted to set the state of charge as a first state variable and to set a diffusion impedance
voltage applied to the diffusion impedance as a second state variable, and to predict the first and second state
variables on a per-constant time basis under consideration of the charging and discharging current sensed by the
sensor.

The system of claim 2, wherein the predictor is further adapted to count the charging and discharging current of an
earlier state for a certain time to predict the first and second state variables of a present state.

The system of claim 2, wherein the data rejection unit is adapted to generate the error information, as a first gain, and
wherein the measurement unit is adapted to predict the battery terminal voltage by using the OCV associated with
the state of charge estimated in the predictor, a voltage applied to an internal resistor of the measurement model,
and the diffusion impedance voltage, and to generate a second gain using the first gain and a comparison between
the predicted battery terminal voltage and the measured terminal voltage.

The system of claim 4, with the measurement unit being adapted to correct the first and second state variables
predicted in the predictor by using the second gain, and transmitting the corrected first and second state variables
to the predictor.

The system of claim 4, wherein the data rejection unit is adapted to fix the first gain as a constant value, when the
state of charge is in a first region, and the data rejection unit is adapted to control the first gain as a function of the
state of charge, when the state of charge is in a second region, and wherein the first region and the second region
being distinguished as a function of the state of charge.

The system of claim 6, wherein the first region is a region of a state of charge of more than 20%, and the second
region is a region of a state of charge of less than 20%, and

wherein , when the state of charge is in the second region, the first gain R, is controlled as a function of R, =R,._4
(1+ G4,(0.2-SOC)), where SOC<0.2 and G, is a proportional constant.

The system of claim 4, wherein the data rejection unit is adapted to fix the first gain as a constant value, when an
absolute value of the charging and discharging current is less than a reference value, and to control the first gain
as a function of the absolute value of the charge and discharge value, when the absolute value of the charging and
discharging current is more than the reference value.

The system of claim 8, wherein the reference value is set to be equal to five amperes (A), and the first gain Ry is
controlled as a function of R, =R,_; (1+G(i|-5)), where |i| > 5 and G; is a constant, when the absolute value of the
charging and discharging current is more than the reference value.

The system of claim 4, wherein the data rejection unit is adapted to fix the first gain as a constant value, when a

dynamic of the charging and discharging current is not sensed,, and to control the first gain correspondingly to a
period for generating the dynamic of the charging and discharging current, else.
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The system of claim 10, wherein the first gain R, is controlled as a function of Ry = Ry_1,(1+Ggtep Tsteptime)s Where
Tsteptime 1S @ period for varying current and G, is @ constant, when the dynamic of the charging and discharging
current is sensed.

The system of claim 7, wherein the predictor is adapted to predict the first state variable SOCK and the second
state variable V4 as a function of a state equation:

soc, =M1 0 Tsoc, 1+ é? e
VDWK O 1_ At VDlﬁ‘K—l A
t
Cpry * Rpy -
L D

where

SOCK is a state of charge predicted in the present state,

SOCy_, is a state of charge corrected in an earlier state,

Vi is a voltage applied to diffusion impedance of the present state,
Vpifk-1 IS a voltage applied to diffusion impedance corrected in the earlier state,
Cpifr is a capacitance of diffusion impedance,

Rpis is a resistance of diffusion impedance,

At is a temporal interval between the present state and the earlier state,
ix.1, is an electric current flowing through the battery in the earlier state,
and

C, is a rating capacitance of battery.

The system of claim 12, wherein the measurement unit is adapted to predict the battery terminal voltage, and to
generate a difference between a measured battery terminal voltage Vt and the predicted battery terminal voltage
Vit as a function of an output equation:

Vt = OCV - Vdiff —Vr

where

Vt is a predicted terminal voltage of battery,
Vdiff is a diffusion impedance voltage, and
Vris a voltage of internal resistor.

The system of claim 13, wherein the measurement unitis adapted to generate the second gain Kk by using Equation:

K,=F (_)HIP]T [HIE]Pk (_)HIE]T TR, ]_1

where

HE] is a linearized matrix generated by differentiating the output equation by the state variable,

H}EI]T is an inverse matrix of the linearized matrix, and

Py (-) is a prediction covariance for estimation error of state variable.

The system of claim 9, wherein the predictor is adapted to predict the first state variable SOCK and the second
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state variable Ve as a function of a state equation:

soc,1=1 0 [soc, 1+ g e
VDWK 0 1_ At VDl‘ﬁ‘K—l
TRy At
L D

where

SOCK is a state of charge predicted in the present state,

SOCy_, is a state of charge corrected in the earlier state,

Vpifk is a voltage applied to diffusion impedance of the present state,

Vpifik.1 is a voltage applied to diffusion impedance corrected in the earlier state,
Cpifr is a capacitance of diffusion impedance,

Rpisis a resistance of diffusion impedance,

At is a temporal interval between the present state and the earlier state,

ix.1 is an electric current flowing through the battery in the earlier state, and

C, is a rating capacitance of battery.

The system of claim 15, wherein the measurement unit is adapted to predict the battery terminal voltage, and to

generate a difference between the battery terminal voltage Vt and the predicted battery terminal voltage Vt as a
function of an output equation:

Vt = OCV - Vdiff - Vr

where

Vit is a terminal voltage of battery,

Vdiff is a diffusion impedance voltage, and
Vris a voltage of internal resistor.

The system of claim 16, wherein the measurement unitis adapted to generate the second gain Kk by using Equation:

K, =F (_)HIP]T [HIE]Pk (_)HIE]T tR, ]_1

where

HE] is a linearized matrix generated by differentiating the output equation by the state variable,

HIEI]T is an inverse matrix of the linearized matrix, and

P«(-) is a prediction covariance for estimation error of state variable.

The system of claim 11, wherein the predictor is adapted to predict the first state variable SOC, and the second
state variable V4 as a function of a state equation:
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soc, 1= 0o [soc,_, +—f¥- g
VDlﬁpK 0 1_ At VDlﬁ‘K—l A
t
Cry Rpyr Ve
L o

where

SOCK is a state of charge predicted in the present state,

SOC_, is a state of charge corrected in the earlier state,

Vi is a voltage applied to diffusion impedance of the present state,

Vi is a voltage applied to diffusion impedance corrected in the earlier state,
Cpifris a capacitance of diffusion impedance,

Rpir is a resistance of diffusion impedance,

At is a temporal interval between the present state and the earlier state,

ix.1 1s an electric current flowing through the battery in the earlier state, and
C,, is a rating capacitance of battery.

The system of claim 18, wherein the measurement unit is adapted to predict the battery terminal voltage, and to
generate a difference between the battery terminal voltage Vt and the predicted battery terminal voltage Vt as a
function of an output equation:

Vt = OCV - Vdiff - Vr

where

Vit is a terminal voltage of battery,

Vdiff is a diffusion impedance voltage, and
Vris a voltage of internal resistor.

The system of claim 19, wherein the measurement unit is adapted to generate the second gain K, by using Equation:

K,=F, (_)HIP]T [HIE]Pk (_)HIE]T tR, ]_1

where
H}El] is a linearized matrix generated by differentiating the output equation by the state variable,

H}EI]T is an inverse matrix of linearized matrix, and

P,(-) is a prediction covariance for estimation error of state variable.

The system of claim 1, wherein the error information is a variance of the error generated from the measurement model.

A method for estimating a SOC (state of charge) of a battery, using a measurement model modeling the battery,
the method comprising:

measuring a charging and discharging current flowing through the battery, temperature of the battery, and
terminal voltage of the battery;

counting the charging and discharging current, and making an estimate of the state of charge of the battery;
generating an error information associated with an error attributable to the measurement model of the battery,
as a function of at least one of the battery temperature, the charging and discharging current, the state of charge,
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and a dynamic of the charging and discharging current; and
making a correction of the estimated state of charge of the battery, using the measurement model and the error
information.

The method of claim 22, with the measurement model comprising an internal resistor, a diffusion impedance, and
an open circuit voltage (OCV), and

with the counting and the estimate further comprising making an estimation of the state of charge and a diffusion
impedance voltage applied to the diffusion impedance on a per-constant time basis by using the charging and
discharging current.

The method of claim 23, with the generation of the error information further comprising generating the error infor-
mation, as a first gain, and

with the correction of the state of charge further comprising predicting the battery terminal voltage, using the OCV
associated with the estimation of the state of charge, a voltage applied to an internal resistor of the measurement
model, and the diffusion impedance voltage, and generating a second gain using the first gain and a comparison
between the predicted battery terminal voltage and the measured terminal voltage.

The method of claim 24, with the correction of the state of charge further comprising concurrently correcting the
estimated state of charge and the diffusion impedance voltage using the second gain, and

with the counting and the estimate further comprising setting the corrected state of charge and diffusion impedance
voltage as an initial value, counting the charging and discharging current for a certain time, and making the estimate
of the state of charge and the diffusion impedance voltage.

The method of claim 25, with the generation of the error information further comprising fixing the first gain as a
constant value when the state of charge is in a first region and controlling the first gain as a function of the state of
charge when the state of charge is in a second region, and distinguishing the first region and the second region as
a function of the state of charge.

The method of claim 26, with the first region being a region where the state of charge is more than 20 %, and the
second region being a region where a state of charge is less than 20%, and
with, when the state of charge is in the second region, the first gain R, being controlled as a function of R, = R,_4
(1+G5pc(0.2-SOC)), where SOC < 0.2 and Ggq is a proportional constant.

The method of claim 25, with the generation of the error information further comprising fixing the first gain as a
constant value when an absolute value of the charging and discharging current is less than a reference value, and
controlling the first gain as a function of the absolute value of the charge and discharge value when the absolute
value of the charging and discharging current is more than the reference value.

The method of claim 28, with the reference value being equal to five amperes (A), and when the absolute value of
the charging and discharging current is more than the reference value, the first gain R, being controlled as a function
of R, =R,_1(1+G{]i|-5)), with |i|=5 and G; is a constant..

The method of claim 25, with the generation of the error information further comprising fixing the first gain as a
constant value when a dynamic of the charging and discharging current is not sensed, and controlling the first gain
correspondingly to a period for generating the dynamic of the charging and discharging current when the dynamic
of the charging and discharging current is sensed.

The method of claim 30, with, when the dynamic of the charging and discharging current is sensed, the first gain
Ry being controlled as a function of Ry =Ry.1 (1+ Gtep * Tsteptime)> Where Tgyepiime is @ period for varying current, and

Gitep Is @ constant.

The method of claim 22, wherein the error information is a variance of the error.
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FIG. 1
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FIG. 5
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FIG. 6
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FIG. 7
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